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RECEIVED DATE 
Abstract: The new hybrid NHC gold(I) acetonitrile polyoxometalate complexes 
{[Au(IPr)(MeCN)
+
][H
+
]3[SiW12O40
4-
] (1), [Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2), 
[Au(IPr)(MeCN)
+
][H
+
]5[P2W18O62
6-
] (3), [Au(IPr)(MeCN)
+
][H
+
]2[PW12O40
3-
] (4), 
[Au(IPr)(MeCN)
+
]3[PMo12O40
3-
] (5) and  [Au(I
t
Bu)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (6)} were 
readily synthesized in high yield and characterized by NMR and MS-ESI spectroscopy. In a 
preliminary catalytic study, their activity was assessed under heterogeneous conditions for the 
ene-yne rearrangement reaction and a cycloisomerization reaction. Additionally, their reactivity 
and recyclability were tested in the hydration of alkynes under homogeneous conditions.  
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Introduction 
The gold carbene chemistry has its origins in the early 70’s with the seminal contributions 
of Minghetti who characterized the first gold-carbene complexes
1
 and the Lappert group who 
synthesized a large number of Late Transition Metal complexes supported by Fischer singlet 
carbenes, including examples bearing  N-heterocyclic carbenes (NHC).
2
 During the 1980’s and 
90’s, assumptions were made that because of its noble nature, gold complexes would not be 
active in homogeneous catalysis. This misconception widely contributed to the 
underdevelopment of the coordination chemistry of gold. This situation drastically changed in 
1998, when Teles described a highly active gold(I)-phosphine complex enabling  the hydration of 
alkynes and triggered a gold rush in homogenous catalysis.
3
 A second breakthrough in gold 
catalysis made use of stable free N-heterocyclic carbenes (NHC) discovered by Arduengo.
4
 These 
have become popular ligands in organometallic chemistry, especially suitable to provide 
air/moisture stability to gold complexes.
5
 Nowadays, organogold chemistry has taken full 
advantage of the progress achieved in carbene chemistry and various complexes are recognized 
as outstanding catalysts to activate carbon‒carbon multiple bonds toward intra- or intermolecular 
nucleophilic additions.
6
 
Oxides of Early Transition Metals such as molybdenum, tantalum, vanadium or tungsten 
in their highest oxidation states, readily form polyanionic clusters also known as 
polyoxometalates (POMs). They usually belong to the Lindqvist ([M6O19
n−
]), Anderson 
[(XM6O24
n−
)], Keggin ([XM12O40
n−
]) or Dawson ([X2M18O62
n−
]) types, some of them comprising 
various isomers (e.g. α, β, γ or ε- isomers of the Keggin structure).7 When X is a hole, the POMs 
fall into the isopolyanion category. By contrast, when X is a heteroatom (e.g. phosphorus or 
silicon) generally located at the center of the cluster, the POMs fall into the heteropolyanion 
category. By similarity to metal organic frameworks (MOFs) organization in the solid state,
8
 the 
wide structural diversity of POMs leads to a broad diversity of physical and chemical properties 
being particularly suitable to design hybrid materials with specific catalytic activities
9
 and/or 
supramolecular architectures.
10
 According to Cronin’s classification11, two classes of hybrid 
materials are widely available based on covalently bound organic cations (type I) or ionically 
bound organic cations (type II) with POMs. Ideally, this classification should be extended to take 
into consideration the emergence of POM hybrid materials comprised of ionically bound cationic 
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organometallic complexes (type III) or covalently bound cationic organometallic complexes (type 
IV). 
Reported gold POM compounds made from inorganic gold salts often display limited 
stability with undesired reduction into gold nanoparticles.
12
 Recently Nomiya and our group  
described two series of redox stable gold(I)-phosphine POM hybrid materials (type III) made 
with the cationic [Au(PPh3)(MeCN)]
+
 fragment
13
 or the [{Au(PPh3)}4(μ4-O)]
2+
 cluster.
14
 These 
species proved to catalyze, under homogeneous or heterogeneous conditions, various 
nucleophilic additions on C‒C triple bonds (e.g. hydration, hydroarylation and the Meyer-
Schuster rearrangement of alkynes).
15
 
In this contribution, we extended the concept of organogold POM hybrid materials by 
synthesizing and characterizing a series of gold(I)-NHC POM complexes. The initial catalytic 
activity of these gold complexes was evaluated under heterogeneous conditions in an acetate 
rearrangement and in the cycloisomerization of N-tosyl 1,6-enyne, then the recyclability of the 
best catalyst was tested in the hydration of diphenylacetylene. 
Results and discussion 
Synthesis of Au(I)-NHC POM complexes.  
In acetonitrile, the previously reported gold(I) complex [Au(IPr)(OH)] (1,3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene gold(I) hydroxide),
16
 was reacted with one equivalent of  
[H4SiW12O40] (silicotungstic acid hydrate), [H3PMo12O40] (phosphomolybdic acid hydrate), 
[H6P2W18O62] (18-tungsto-2-phosphoric acid hydrate),  and [H3PW12O40] (phosphotungstic acid 
hydrate) to afford the corresponding new gold(I)-NHC complexes 
[Au(IPr)(MeCN)
+
][H
+
]3[SiW12O40
4-
] (1), [Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2), 
[Au(IPr)(MeCN)
+
][H
+
]5[P2W18O62
6-
] (3), and [Au(IPr)(MeCN)
+
][H
+
]2[PW12O40
3-
] (4) 
respectively (Scheme 1). The acid-base reaction is extremely fast, reaching full conversion 
within 15 minutes at room temperature. The cationic [Au(IPr)(MeCN)]
+
 fragment, of interest in 
catalysis, is generated only with water as side-product, without addition of silver(I) salts.
17
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Scheme 1: Formation of gold(I)-NHC POM complexes 1-4. 
The 
1
H NMR spectra of 1-4 are very similar to those of the gold(I) hydroxide complex 
precursor. There is a slight overall downfield shift (comprised between +0.05 and +0.20 ppm) for 
all signals associated to the NHC moiety. For each spectrum, a broad peak displaying variable 
chemical shifts and intensities is associated to residual water and solvated protons [H5O2]
+
 from 
the POMs. The 
13
C NMR spectra confirm the exclusive formation of the [Au(IPr)(MeCN)]
+ 
fragment, with a characteristic signal around 166.0 ppm.
18
 There is no trace of [Au(IPr)]
+
 
covalently bound to an oxygen atom from the POM anions.
16,19
 The 
13
C NMR spectra of 1-4 are 
identical and do not provide any insight into the POM structure. The 
31
P, 
29
Si and 
183
W NMR 
spectra confirm that the POM anions retain their spherical symmetry being unaffected by the 
presence of the cationic gold fragment.
20
 (Table 1) Complexes 1-4 are soluble when generated in 
acetonitrile. However, once they have been dried to afford a powder, their solubility in 
acetonitrile drastically decreases. They are partially soluble in THF and water, and completely 
insoluble in alkane, aromatic or chlorinated solvents. Surprisingly, solubility tests of 2 in acetone 
led to slow decomposition (after a few hours: appearance of a black precipitate of Mo(0), and 
unaccounted signals visible by 
31
P NMR spectroscopy). Analyses of 1-4 by mass spectroscopy, in 
positive mode, revealed the expected signal for the [Au(IPr)(MeCN)]
+
 fragment (m/z = 626.26). 
For 2, a slight trace of [{Au(IPr)}2(μ-Cl)]
+
 likely due to contamination during the sample 
preparation is noticeable (m/z = 1205.46).
21
 Analyses in negative mode revealed a large 
predominance of the fully deprotonated form of all POM anions, along with traces of [Au(IPr)]
+
 
fragments linked to POMs (via Au−O bond) which are likely formed during the sample analysis. 
Interestingly the reaction of 1 equivalent of [H3PMo12O40] with three equivalents of 
[Au(IPr)(OH)] provides the complex [Au(IPr)(MeCN)
+
]3[PMo12O40
3-
] (5) quantitatively within a 
few minutes. As expected, saturating the POM anion with three NHC gold fragments increases 
the solubility of 5 compared to 1-4. 
1
H and 
13
C NMR and positive ES-MS spectra confirm the 
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clean formation of the [Au(IPr)(MeCN)]
+
 fragment. 
31
P NMR and ES-MS spectra confirm the 
preservation of the integrity of the POM anion. (Table 1) For the sake of comparison, this 
synthetic approach was extended to other NHC ligands. The complex [Au(I
t
Bu)(O
t
Bu)] (1,3-
di(tert-butyl)imidazol-2-ylidene gold(I) tert-butoxide) more stable in solution than 
[Au(I
t
Bu)(OH)] (1,3-di(tert-butyl)imidazol-2-ylidene gold(I) hydroxide) was first selected as 
starting material.
22
 However, the complex [Au(I
t
Bu)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (6) was 
successfully made only by reacting 1 equivalent of [Au(I
t
Bu)(OH)] with 1 equivalent of 
[H3PMo12O40]. Attempts to react [Au(IMes)(OH)] (1,3-bis(2,4,6-trimethylphenyl)imidazol-2-
ylidene gold(I) hydroxide) or [Au(ICy)(O
t
Bu)] (1,3-di(cyclohexyl)imidazol-2-ylidene gold(I) 
tert-butoxide) with [H3PMo12O40] were unsuccessful due to low solubility and/or compatibility of 
both reagents. The quantitative formation of 6 was confirmed by NMR and ES-MS spectroscopy. 
(Table 1) Of note, acetonitrile was also partially hydrated to acetamide as evidenced by residual 
signals at 2.39 ppm (
1
H NMR) and 20.0, 181.8 ppm (
13
C NMR). 
Table 1: Relevant NMR and MS data of complexes 1-6. 
Complex 
NMR chemical shift (CD3CN) 
(ppm) 
MS-ESI (m/z) - Mode: 
13
C 
(Carbene) 
29
Si 
31
P 
183
W Positive Negative 
[Au(IPr)(MeCN)
+
][H
+
]3 
[SiW12O40
4-
] (1) 
166.3 -85.1 - -97.6 
626.26 
718.55 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (2) 
166.2 - -3.8 - 607.55 
[Au(IPr)(MeCN)
+
][H
+
]5 
[P2W18O62
6-
] (3) 
166.0 - -12.7 
-122.8, 
-159.8 
872.94 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PW12O40
3-
] (4) 
166.3 - -15.1 -89.4 959.07 
[Au(IPr)(MeCN)
+
]3  
[PMo12O40
3-
] (5) 
166.2 - -3.6 - 607.54 
[Au(I
t
Bu)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (6) 
159.2 - -3.6 - 418.15 607.22 
a
 Major signals corresponding to [(NHC)Au(MeCN)
+
] and [POM
n-
] fragments 
After several attempts to crystallize complexes 1-6, slow diffusion of acetonitrile/THF 
solutions of 2 and 4 in octane provided good quality crystals to perform single crystal X-ray 
diffraction analysis while for the other complexes only amorphous materials were obtained. 
Similarly, to the situation encountered with phosphine gold(I) acetonitrile POM complexes, 
cations redistribution, including NHC gold(I) fragments and protons occurs in solution during the 
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course of crystallization.
13
 The complexes 2 and 4 convert respectively into 
[Au(IPr)(MeCN)
+
]2[H
+
][PMo12O40
3-
] (2b) crystallizing in the triclinic system with the P-1 space 
group, and [Au(IPr)(MeCN)
+
]2[H
+
][PW12O40
3-
](MeCN)8 (4b) crystallizing in the orthorhombic 
system with the Pnnm space group. Both compounds features [Au(IPr)(MeCN)]
+
 moieties with 
metric parameters in agreement with those found in the literature.
18
 The C−Au bond distances are 
1.957(10) and 1.981(15) Å; the Au−N bond distances are 2.034(10) and 2.042(13) Å; the 
C−Au−N angles are 175.4(4) and 179.3(5)°. The minimum distances between oxygen and gold 
atoms are 4.067(1) and 4.181(1) Å, excluding any potential Van der Waals interactions. (Figure 
1) There are no d
10
-d
10
 interaction between gold(I) cations. These structures reflect the reluctance 
of the gold(I) cation to incorporate any oxygen atom in its coordination sphere even in the 
presence of polyoxygenated formal anions. Both crystal packing feature large voids 
(approximatively a third of cell unit volumes) filled with disordered molecules of solvents (THF, 
acetonitrile, water), and protons hydrates to ensure the charge neutrality of the whole molecular 
edifice. They were too diffuse to be properly modelled. 
 
 
 
 
 
 
 
Figure 1: Ball-and-stick representation of [Au(IPr)(MeCN)
+
]2[H
+
][PMo12O40
3-
] 2b (left), and 
[Au(IPr)(MeCN)
+
]2[H
+
][PW12O40
3-
](MeCN)8 4b (right), solvent molecules and hydrogen atoms 
have been omitted for clarity. 
Heterogeneous gold catalysis. 
All new complexes proved to be indefinitely stable toward light and air/moisture 
conditions as solids or in acetonitrile solutions. Their potential to perform heterogeneous catalysis 
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was respectively evaluated for the rearrangement of an enyl acetate derivative
23
 (Table 2) and the 
cycloisomerization of 1,6-enyne reaction
24
 (Table 3), both in toluene. Those reactions were 
selected because they rely on the classical reactivity of the gold(I) cations toward alkyne/alkene 
activation.
25
 
For the first transformation, all complexes are active, but display different reactivity 
patterns (Table 2). At room temperature, in toluene, with catalyst loadings of 1 mol%, complexes 
2, 3 and 4 afford complete conversions of 2-methylundec-1-en-3-yn-5yl acetate (8), after 24 h, 
associated with good overall yields (up to 94%) of desired 3-hexyl-5-methylcyclopent-2-enone 
(9) along with trace or minor amount of unhydrolyzed intermediate 10. In sharp contrast, the 
POM anion 5, saturated with three gold complexes, also features full conversion after 24 h, but 
leads to a mixture 1:2 of, respectively, the cyclopentanone 9 and the acetoxylated product 10. 
This result can be attributed to the low amount of residual water (absence of solvated protons 
[H5O2
+
]) in complex 5, preventing the final hydrolysis step. Complexes 1 and 6 show moderate 
efficiency with only 60% and 75% conversion after 24 h, eventhough cyclopentanone is 
selectively formed. Finally, it is worth mentioning that 1 mol% of 
[Au(PPh3)(MeCN)
+
][H
+
]2[PMo12O40
3-
] complex 7, previously reported,
13
 display a similar reactivity 
in the same conditions, yielding 66% yield of cyclopentanone after 24 h. 
Table 2: Catalytic activity of 1-7 under heterogeneous conditions for the enyl acetate 
rearrangement reaction of 8. 
 
Entry NHC-Au-POM Catalyst 
Time 
(h) 
Conversion
a
 
(%) 
Ratio 9:10 
Cumulative 
Yield
a
 (%) 
1 
[Au(IPr)(MeCN)
+
][H
+
]3 
[SiW12O40
4-
] (1) 
24 75 1:0 68 
2 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (2) 
24 100 8:1 88 
3 
[Au(IPr)(MeCN)
+
][H
+
]5 
[P2W18O62
6-
] (3) 
24 100 1:0 89 
4 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PW12O40
3-
] (4) 
24 100 6:1 94 
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5 
[Au(IPr)(MeCN)
+
]3 [PMo12O40
3-
] 
(5) 
24 100 1:2 68 
6 
[Au(I
t
Bu)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (6) 
24 52 
1:0 50 
48 60 
7 
[Au(PPh3)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (7) 
24 81 1:1 66 
a 
Conversions and yields were calculated by 
1
H NMR analysis relative to an internal standard 
(dimethyl terephthalate) from the crude mixtures. 
The cycloisomerization of N-allyl-4-methyl-N-(3-phenylprop-2-yn-1-
yl)benzenesulfonamide (11) does not take place at room temperature with our catalysts. 
However, they are all active at 70°C, but once again with distinctive reactivity patterns (Table 3). 
With 2.5 mol%, complexes 2-5 afford full conversions of enyne 11, after 24 h, associated with 
good yields (from 75% to 88%) of the desired 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene 
(12). Once again, complex 2 features a pronounced induction period superior to 5 h. Complex 1 
also leads to full conversion of the benzenesulfonamide after 5 h. However, it produces only upto 
59% of the desired cycloisomerization product 12. Complexes 6 and 7 feature a lower reactivity 
reaching 51% and 71% conversions, after 48 h.  
With 1 mol%, complexes 1, 2 and 5 still afford full conversion of 11, after 24 h, 
associated with good yields (from 77% to 89%) whereas for 2 and 5 the formation of side- 
products is decreased by approximatively 15%. By contrast, the reactivity of complexes 3, 4 and 
7 drops drastically with a maximum conversion of 11 equal to 34 % after 24 h. Importantly, 
decreasing the catalytic loading seems to favor the induction periods as evidenced by the 
conversions recorded after 5 h for complexes 1, 2 and to a lesser extent for 3 and 4. Such 
behavior associated with cleaner reaction outcomes might suggest a different reaction mechanism 
than anticipated by comparison with homogeneous catalysis where the active species are 
considered to be [Au(IPr)(MeCN)]
+
 derived fragments (regardless of the associated counter 
anion). Under heterogeneous conditions complexes 1-6 seem to act as a pool of dormant catalyst 
generating a small fraction of undefined active gold species. 
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Table 3: Catalytic activity of 1-7 under heterogeneous conditions for the cycloisomerization of 
enyne 11. 
 
Entry 
NHC-Au-POM  
Catalyst 
Time 
(h) 
2.5 mol% 1 mol% 
Conversion
a 
(%) 
Yield
a 
(%) 
Conversion
a 
(%) 
Yield
a
 
(%) 
1 
[Au(IPr)(MeCN)
+
][H
+
]3 
[SiW12O40
4-
] (1) 
5 
100 59 
traces 
77 
24 100 
2 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (2) 
5 traces 
75 
traces 
89 
24 100 100 
3 
[Au(IPr)(MeCN)
+
][H
+
]5 
[P2W18O62
6-
] (3) 
5 18 16 traces 
36 
24 100 69 40 
4 
[Au(IPr)(MeCN)
+
][H
+
]2 
[PW12O40
3-
] (4) 
5 16 
77 
traces 
24 
24 100 32 
5 
[Au(IPr)(MeCN)
+
]3 
[PMo12O40
3-
] (5) 
5 
100 88 100 74 
24 
6 
[Au(I
t
Bu)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (6) 
24 3 
44 
- - 
48 51 - - 
7 
[Au(PPh3)(MeCN)
+
][H
+
]2 
[PMo12O40
3-
] (7) 
5 25 
67 
traces 
28 24 33 23 
48 71 30 
a 
Conversions and yields were calculated by 
1
H NMR analysis relative to an internal standard 
(dimethyl terephthalate) from the crude mixtures. 
Catalyst recycling 
From the series of complexes, compound 2 features good solubility in organic solvents 
and was chosen to explore the hydration of diphenyl acetylene (13) under homogeneous 
conditions (Table 4) (classical gold catalysis).
26
 The reaction stoichiometry was set to 0.1 mmol 
of 13 and 10 µmol of 2 (catalyst loading = 1.0 mol% [Au]). After 16 hours, at 80 °C in a mixture 
of THF/water in a 4:1 ratio, the desired 1,2-diphenylethan-1-one (14) was obtained in a 96% 
yield. The THF solvent can be replaced by dioxane without any loss of yield. However, in a 
mixture of acetonitrile/water with a 10:1 ratio, the yield in ketone drops to 10%. The presence of 
a strongly coordinating solvent acting as a catalyst stabilizer therefore inhibiting productive 
catalysis is suspected. 
10 
 
The recyclability of complex 2 was studied by performing the following sequence: 
hydration of 13 under homogeneous conditions / removal of solvents / extraction of the formed 
ketone 14 with diethyl ether / recharging in acetylene and solvent. (Table 3) The catalyst activity 
remains excellent during three such cycles with yields in ketone above 95%. this productivity 
decreases significantly during the fifth cycle and a longer reaction time (48 h) is required to reach 
a reaction yield of 85 %. At this stage, the catalyst has undergone color change from green to 
deep blue, hinting at the possible formation of either molybdenum blues or either reduced forms 
of the Keggin’s anion.27 Its 31P NMR spectra exhibits the expected signal of the [PMo12O40
3-
] 
anion at -3.6 ppm, along with two sharp upfield signals at -5.9 and -12.9 ppm supporting the 
presence of reduced POMs, such as [PMo12O40
5-
] and [PMo12O40
7-
] anions.
28
 The 
1
H and 
13
C 
NMR spectra confirm the presence of NHC fragments without providing any clear information as 
to the gold cation’s environment, due to low concentration. This strongly suggests that a portion 
of the NHC gold fragments is washed away during the extraction with diethyl ether resulting in a 
progressive deactivation of the catalyst. MS-ESI analysis, in negative mode, confirms the 
presence of [PMo12O40
3-
] anion (m/z = 607.54). Other minor signals accounting for di- or tri- 
anionic species (m/z = 810.23 and 923.32) cannot support the presence of reduced POMs. MS-
ESI analysis, in positive mode, hints at the presence of [Au(IPr)(OH)] as major product (m/z = 
602.28) which is likely re-generated under catalytic conditions, in the presence of water. Other 
minor species include [Au(IPr)(MeCN)]
+
 (m/z = 626.28), [(IPr)Au(IPr)
+
] (m/z = 973.52) and 
various other unidentified species (m/z = 381.32, 752.24, 1196.51, 1318,54, 1442.56). 
Table 4: Recycling of catalyst 2 in the hydration of diphenylacetylene (13). 
 
 
Cycle Time (h) 
Yield 
(%)
a
 
Mass of recovered 
catalyst (mg) 
Mass of 
phenylacetylene (mg) 
1 16 98 24.1 100 
2 16 95 23.0 99 
3 16 96 19.2 79 
4 22 90 16.7 69 
5 
24 30 
16.2 66 
48 85 
11 
 
a 
Yields were calculated by 
1
H NMR analysis relative to an internal standard (dimethyl 
terephthalate) from the crude mixtures. 
Conclusion 
A series of cationic hybrid NHC gold(I) polyoxometalate complexes were readily 
synthesized by acid-base reaction between NHC gold(I) hydroxide and heteropolyacid precursors 
in acetonitrile. The reactions proceed quantitatively under air generating only water as side 
product. While the ratio gold:POM can be easily controlled, redistribution of protons and cationic 
[Au(NHC)(MeCN)
+
] occurs in solution giving rise to POM anions with different formal charges. 
The complexes are able to promote enyl acetate rearrangement and cycloisomerization  reactions 
under heterogeneous conditions. The complexes also feature good activity and recyclability in the 
hydration of alkynes under homogeneous conditions. More importantly, the complexes exhibit a 
pattern of reactivity which seems incompatible with [Au(NHC)(MeCN)]
+
 being the sole active 
species. Further studies are in progress to provide more insight on the true nature of the active 
gold species and on the role of POM anion during catalysis.  
Experimental Section 
 
General considerations 
 Proton (
1
H NMR), carbon (
13
C NMR), silicon (
29
Si NMR), phosphorus (
31
P NMR), 
tungsten (
183
W NMR) nuclear magnetic resonance spectra were recorded on the following 
instruments: Bruker AVANCE I – 300 MHz spectrometer, Bruker AVANCE III – 400 MHz 
spectrometer, and Bruker AVANCE I – 500 MHz spectrometer, respectively. The chemical shifts 
are given in parts per million (ppm). Data are presented as follows: chemical shift, multiplicity (s 
= singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sept. = septet, m = multiplet, b = 
broad), coupling constants (J/Hz) and integration. Assignments were determined either on the 
basis of unambiguous chemical shifts or coupling patterns. The residual solvent proton (
1
H) or 
carbon (
13
C) resonances were used as references values. For 
1
H NMR: CD3CN, δ = 1.94 ppm. For 
13
C{
1
H} NMR: CD3CN, δ = 118.26 ppm. 
183
W NMR chemical shifts are given with respect to an 
external saturated Na2WO4 solution in D2O (δ = 0 ppm). Mass spectrometry analyses (HR-MS) 
were performed by the “Service de spectrométrie de masse”, Université de Strasbourg (* = major 
12 
 
signal, on the MS spectra). For the X-ray diffraction studies, the intensity data were collected at 
173(2) K on a Kappa CCD diffractometer 88 (graphite-monochromated Mo-K radiation, λ = 
0.71073 Å). The structures were solved by direct methods (SIR-97) and refined by full-matrix 
least-squares procedures (based on F
2
, SHELXL-2014) with anisotropic thermal parameters for 
all the non-hydrogen atoms.
29
 The hydrogen atoms were introduced into the geometrically 
calculated positions (SHELXL-2014 procedures) and refined riding on the corresponding parent 
atoms. Crystallographic and experimental details for all the structures are summarized in the 
Supporting Information as well as their ORTEP representations (See S18 and S20 in the ESI). 
The complex [Au(PPh3)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (7) was synthesized according the procedure 
described in our previous report.
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Synthesis of the gold POM complexes 
 
 All reactions were carried out in air with non-dried solvents. The precursors 
[Au(IPr)(OH)] and [Au(I
t
Bu)Cl] complexes were synthesized following a published route.
16,30
 
The heteropolyacid [H
+
]6[P2W18O62
6-
] hydrate was prepared following a procedure described by 
Nadjo.
31
 All other reagents were used as received from commercial suppliers.  
Synthesis of [Au(IPr)(MeCN)
+
][H
+
]3[SiW12O40
4-
] (1): In a flask, solid hydrate [H4SiW12O40] 
(428 mg, 127.9 μmol, 1.0 equiv) was dissolved in deuterated acetonitrile, and [(IPr)AuOH] (77 
mg, 127.9 μmol, 1.0 equiv) was added. The resulting homogeneous solution was stirred for 3 
hours to reach quantitative formation of 1 as  evidenced by NMR analysis of the crude reaction 
mixture. All solvents were removed under vacuum at 40 °C overnight to afford an off white 
powder. (385 mg). Yield 85 %. 
1
H NMR (CD3CN, 500.1 MHz): δ 7.64 (s, 2H, CH
imidazol
), 7.63 (t, 
J = 6.5 Hz, 2H, CH
p-Ar
), 7.44 (d, J = 6.5 Hz, 4H, CH
m-Ar
), 5.83 (b s, 30H, residual water and POM 
acidity), 2.48 (septet, J = 7.0 Hz, 4H, CH
iPr
), 1.94 (quint, J = 2.5 Hz, 2H, residual CD2HCN), 
1.29 (d, J = 7.0 Hz, 12H, CH3
iPr
), 1.24 (d, J = 7.0 Hz, 12H, CH3
iPr
). 
13
C{
1
H} NMR (CD3CN, 
125.8 MHz): δ 166.3 (Ccarbene), 146.7 (CAr), 134.1 (CAr), 132.1 (CHAr), 126.1 (CHAr), 125.3 
(CH
imidazole
), 118.3 (CD3CN), 29.6 (CH
iPr
), 24.6 (CH3
iPr
), 24.0 (CH3
iPr
), 1.2 (sept, J = 82 Hz, 
CD3CN). 
29
Si NMR (CD3CN, 119.2 MHz): δ -85.1 ([H
+
]3[SiW12O40
4-
]). 
183
W NMR (CD3CN, 
25.0 MHz): δ -97.6 ([H+]3[SiW12O40
4-
]). ESI-MS (positive ion mode): m/z 626.28 
13 
 
([(IPr)Au(MeCN)
+
]). ESI-MS (negative ion mode): m/z 718.55
*
 ([SiW12O40
4-
]), 959.07 
([H
+
][SiW12O40
4-
]), 1153.47 ([(IPr)Au
+
][SiW12O40
4-
]). 
Synthesis of [Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2): A procedure similar to that used for 
compound 1 with hydrate [H3PMo12O40] (605 mg, 331.9 μmol, 1.0 equiv) and [Au(IPr)(OH)] 
(200 mg, 331.9 μmol, 1.0 equiv) gave 2 as a dark green solid (630 mg). Yield 78 %. 1H NMR 
(CD3CN, 500.1 MHz): δ 7.65 (s, 2H, CH
imidazol
), 7.63 (t, J = 7.5 Hz, 2H, CH
p-Ar
), 7.44 (d, J = 7.5 
Hz, 4H, CH
m-Ar
), 4.01 (b s, 50H, residual water and POM acidity), 2.47 (septet, J = 7.0 Hz, 4H, 
CH
iPr
), 1.94 (quint, J = 2.5 Hz, 1H, residual CD2HCN), 1.29 (d, J = 7.0 Hz, 12H, CH3
iPr
), 1.24 (d, 
J = 7.0 Hz, 12H, CH3
iPr
). 
13
C{
1
H} NMR (CD3CN, 125.8 MHz): δ 166.2 (C
carbene
), 146.7 (C
Ar
), 
134.0 (C
Ar
), 132.0 (CH
Ar
), 126.0 (CH
Ar
), 125.3 (CH
imidazol
), 118.3 (CD3CN), 29.5 (CH
iPr
), 24.6 
(CH3
iPr
), 23.9 (CH3
iPr
), 1.2 (sept, J = 83 Hz, CD3CN). 
31
P NMR (CD3CN, 121.5 MHz): δ -3.8 
([[H
+
]2[PMo12O40
3-
]). ESI-MS (positive ion mode): m/z 626.28
*
 ([Au(IPr)(MeCN)
+
]), 1205.46 
([{Au(IPr)}2(μ-Cl)
+
]). ESI-MS (negative ion mode): m/z 607.55
*
 ([PMo12O40
3-
]), 815.62. 
Synthesis of [Au(IPr)(MeCN)
+
][H
+
]5[P2W18O62
6-
] (3): A procedure similar to that used for 
compound 1 with hydrate [H6P2W18O62] (363 mg, 82.9 μmol, 1.0 equiv) and [(IPr)AuOH] (50 
mg, 82.9 μmol, 1.0 equiv) gave 3 as a pale yellow solid (3.64 mg). Yield 88 %. 1H NMR 
(CD3CN, 500.1 MHz): δ 7.65 (s, 2H, CH
imidazol
), 7.64 (t, J = 7.5 Hz, 2H, CH
p-Ar
), 7.43 (d, J = 7.5 
Hz, 4H, CH
m-Ar
), 5.20 (b s, 70H, residual water and POM acidity), 2.46 (septet, J = 6.0 Hz, 4H, 
CH
iPr
), 1.94 (quint, J = 2.5 Hz, 1H, residual CD2HCN), 1.28 (d, J = 6.0 Hz, 12H, CH3
iPr
), 1.22 (d, 
J = 6.0 Hz, 12H, CH3
iPr
). 
13
C{
1
H} NMR (CD3CN, 125.8 MHz): δ 166.0 (C
carbene
), 146.6 (C
Ar
), 
133.9 (C
Ar
), 132.0 (CH
Ar
), 126.0 (CH
Ar
), 125.2 (CH
imidazol
), 118.3 (CD3CN), 29.4 (CH
iPr
), 24.5 
(CH3
iPr
), 23.9 (CH3
iPr
), 1.1 (sept, J = 83 Hz, CD3CN). 
31
P NMR (CD3CN, 121.5 MHz): δ -12.7 
([H
+
]5[P2W18O62
6-
]) 
183
W NMR (CD3CN, 25.0 MHz): δ -122.8, -159.8 ([H
+
]5[P2W18O62
6-
]). ESI-
MS (positive ion mode): m/z 626.28 ([Au(IPr)(MeCN)]
+
. ESI-MS (negative ion mode): m/z 
872.94
*
 ([H
+
][P2W18O62
6-
]), 1237.49 ([H
+
][(IPr)Au
+
][P2W18O62
6-
]), 1091.18 ([H
+
]2[P2W18O62
6-
]), 
1482.22, 1649.65 ([H
+
]2[Au(IPr)
+
][P2W18O62
6-
]). 
Synthesis of [Au(IPr)(MeCN)
+
][H
+
]2[PW12O40
3-
] (4): A procedure similar to that used for 
compound 1 with hydrate [H3PW12O40] (239 mg, 82.9 μmol, 1.0 equiv) and [Au(IPr)(OH)] (50 
mg, 82.9 μmol, 1.0 equiv) gave 4 as a white solid (219 mg). Yield 77 %. 1H NMR (CD3CN, 
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500.1 MHz): δ 7.64 (s, 2H, CHimidazol), 7.64 (t, J = 6.5 Hz, 2H, CHp-Ar), 7.43 (d, J = 6.5 Hz, 4H, 
CH
m-Ar
), 4.16 (b s, 48H, residual water and POM acidity), 2.48 (septet, J = 6.0 Hz, 4H, CH
iPr
), 
1.94 (quint, J = 2.5 Hz, 1H, residual CD2HCN), 1.29 (d, J = 6.0 Hz, 12H, CH3
iPr
), 1.24 (d, J = 6.0 
Hz, 12H, CH3
iPr
). 
13
C{
1
H} NMR (CD3CN, 125.8 MHz): δ 166.3 (C
carbene
), 146.7 (C
Ar
), 134.1 
(C
Ar
), 132.1 (CH
Ar
), 126.1 (CH
Ar
), 125.3 (CH
imidazol
), 118.3 (CD3CN), 29.5 (CH
iPr
), 24.6 (CH3
iPr
), 
24.0 (CH3
iPr
), 1.1 (sept, J = 76 Hz, CD3CN). 
31
P NMR (CD3CN, 121.5 MHz): δ -15.1 (m, 
2
J(
31
P-
183
W) = 1.1 Hz, [H
+
]2[PW12O40
3-
]) 
183
W NMR (CD3CN, 25.0 MHz): δ -89.4 (d, 
2
J(
183
W-
31
P) = 
1.1 Hz [H
+
]2[PW12O40
3-
]). ESI-MS (positive ion mode): m/z 626.28 ([Au(IPr)(MeCN)
+
]. ESI-MS 
(negative ion mode): m/z 959.07
*
 ([PW12O40
3-
]), 1731.15 ([Au(IPr)
+
][PW12O40
3-
]).  
Synthesis of [Au(IPr)(MeCN)
+
]3[PMo12O40
3-
] (5): A procedure similar to that used for 
compound 1 with hydrate [H3PMo12O40] (24 mg, 13.3 μmol, 1 equiv) and [Au(IPr)(OH)] (24 mg, 
39.8 μmol, 3.0 equiv) gave 5 as a pale green solid (44 mg). Yield 91 %. 1H NMR (CD3CN, 500.1 
MHz): δ 7.66 (s, 2H, CHimidazol), 7.64 (t, J = 7.5 Hz, 2H, CHp-Ar), 7.44 (d, J = 7.5 Hz, 4H, CHm-
Ar
), 2.61 (b s, 18H, residual water), 2.48 (septet, J = 6.0 Hz, 4H, CH
iPr
), 1.94 (quint, J = 2.5 Hz, 
1H, residual CD2HCN), 1.29 (d, J = 6.0 Hz, 12H, CH3
iPr
), 1.24 (d, J = 6.0 Hz, 12H, CH3
iPr
). 
13
C{
1
H} NMR (CD3CN, 125.8 MHz): δ 166.2 (C
carbene
), 146.7 (C
Ar
), 134.1 (C
Ar
), 132.1 (CH
Ar
), 
126.2 (CH
Ar
), 125.3 (CH
imidazol
), 118.3 (CD3CN), 29.5 (CH
iPr
), 24.6 (CH3
iPr
), 24.0 (CH3
iPr
), 1.2 
(sept, J = 83 Hz, CD3CN). 
29
Si NMR (CD3CN, 119.2 MHz): δ -85.2 ([SiW12O40
4-
]). ESI-MS 
(positive ion mode): m/z 626.28
*
 ([Au(IPr)(MeCN)
+
], 1205,46 ([(IPr)Au-μ(Cl)-Au(IPr)+]. ESI-
MS (negative ion mode): m/z 607.54
*
 ([PMo12O40
4-
]), 810.96. 
Synthesis of [Au(I
t
Bu)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (6): In a flask, [Au(I
t
Bu)Cl] (50 mg, 121.2 
μmol, 1.0 equiv) and LiOH (30 mg, 1.21 mmol, 10.0 equiv) were stirred overnight in benzene. 
The resulting heterogeneous mixture was filtered over a plug of celite and directly added to a 
solution of hydrate [H3PMo12O40] (221 mg, 121.2 μmol, 1.0 equiv) in acetonitrile, prepared in 
advance. The resulting homogeneous solution was stirred for 3 hours. The quantitative formation 
of (5) was evidenced by NMR analysis of the crude reaction mixture. All solvents were removed 
under vacuum at 40 °C overnight to afford a dark green powder (253 mg). Yield 85 %. 
1
H NMR 
(CD3CN, 500.1 MHz): δ 7.39 (s, 2H, CH
imidazol
), 6.98 (b s, 50H, residual water and POM acidity), 
1.94 (quint, J = 2.5 Hz, 20H, residual CD2HCN), 1.84 (s, 18H, C(CH3)3). Traces of acetamide, 
arising from acetonitrile hydration, are visible (δ 2.39 (s)). 13C{1H} NMR (CD3CN, 125.8 MHz): 
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δ 159.2 (Ccarbene), 119.3 (CHimidazol), 118.3 (CD3CN), 60.0 (C(CH3)3), 32.2 (C(CH3)3), 1.2 (sept, J 
= 83 Hz, CD3CN). Traces of acetamide are visible (δ 181.8 (s), 20.0 (s)). 
31
P NMR (CD3CN, 
121.5 MHz): δ -3.6 ([[H+]2[PMo12O40
3-
]). ESI-MS (positive ion mode): m/z 418.15 
([Au(I
t
Bu)(MeCN)
+
]. ESI-MS (negative ion mode): m/z 511.62, 607.22
*
 ([PMo12O40
3-
]), 654.52, 
798.41, 912.33 ([H
+
][PMo12O40
3-
]), 1826.65 ([H
+
]2[PMo12O40
3-
]). 
Heterogeneous Gold Catalysis 
Tetrahydrofuran (THF), acetonitrile (MeCN) and toluene (PhMe) were dried by passing 
these through activated alumina using an argon pressure using GlassTechnology GTS100 
devices. All other commercially available reagents were used as received, all extractive 
procedures were performed using technical grade solvents, and all aqueous solutions were 
saturated unless details are given. Flash column chromatography was carried out using SiO2 60 
(40−63 μm) and the procedures included the subsequent evaporation of solvents under vacuum. 
Synthesis of 2-methylundec-1-en-3-yn-5-yl acetate (8): To a solution of n-BuLi (1.6 M in 
hexanes, 4 mL, 5.78 mmol) in THF (17.5 mL) was added 2-methyl-1-buten-3-yne (0.5 mL, 5.26 
mmol) at -78°C under argon. The resulting reaction mixture was stirred at the same temperature 
for 30 min and was then allowed to warm at - 20°C for 5 minutes. Heptanal (0.7 mL, 5.26 mmol) 
was then added at -78°C. The reaction mixture was stirred for 2 hours at -78°C. The mixture was 
finally quenched with Ac2O (1.25 mL, 13.1 mmol) and stirred at 0°C for 1 hour. Saturated 
aqueous NH4Cl was then added and the mixture and extracted with Et2O (3 x 20 mL). The 
combined organic extracts were dried over Mg2SO4 and evaporated. Flash column 
chromatography over silica gel (cyclohexane/EtOAc 5%) gave the desired product 8 as a 
colorless oil (1.038 g). Yield 89%. 
1
H NMR (CDCl3, 300.1 MHz) δ 0.87 (t, J = 6.7 Hz, 3H), 
1.28−1.42 (m, 8H), 1.72−1.80 (m, 2H), 1.87 (s, 3H), 2.07 (s, 3H), 5.23 (m, 1H), 5.30 (m, 1H), 
5.48 (t, J = 6.6 Hz, 1H); 
13
C{
1
H} NMR (CDCl3, 75.0 MHz) δ 14.0, 21.1, 22.5, 23.3, 24.9, 28.8, 
31.6, 34.8, 64.5, 85.6, 86.3, 122.6, 126.1, 167.0. The spectroscopic data are in agreement with the 
literature.
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Synthesis of N-allyl-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide (11): The 
compound was prepared following a described procedure.
33
 
1
H NMR (CDCl3, 300.1 MHz) δ 7.78 
(d, J = 8.1 Hz, 2H), 7.26-7.24 (m, 5H), 7.06 (d, J = 7.5 Hz, 2H), 5.87-5.74 (m, 1H), 5.33 (d, J = 
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17.1 Hz, 1H), 5.27 (d, J = 9.9 Hz, 1H), 4.31 (s, 2H), 3.89 (d, J = 6.3 Hz, 2H), 2.34 (s, 3H); 
13
C{
1
H} NMR (75.0 MHz, CDCl3) δ 143.4, 135.8, 132.0, 131.4, 131.4, 129.5, 129.5, 128.3, 
128.3, 128.0, 128.0, 127.7, 122.1, 119.9, 85.6, 81.5, 49.2, 36.6, 21.3. 
Enynyl acetate rearrangement (Table 2) 
To a solution of 2-methylundec-1-en-3-yn-5-yl acetate (26.3 mg, 0.118 mmol) (8) and 
dimethyl terephthalate (3.8 mg, 19 mol) (internal standard) in toluene (1 mL),  catalyst 1-7 (1 
mol %) was added and stirred at room temperature until the consumption of the starting material 
(5 h, 24 h or 48 h). The formation of 3-hexyl-5-methylcyclopent-2-enone (9) and 4-Hexyl-2-
methylcyclopenta-1,4-dien-1-yl acetate (10) was monitored by NMR spectroscopy. An aliquot 
(200 L) of the reaction mixture was introduced into an NMR tube and the solvent was removed 
under vacuum. CDCl3 (0.5 mL) was introduced into the tube and the mixture was analyzed by 
1
H 
NMR spectroscopy. 
3-Hexyl-5-methylcyclopent-2-enone (9): 
1
H NMR (CDCl3, 300.1 MHz) δ 5.88−5.92 (m, 1H), 
2.81 (ddm, J = 18.3, 6.7 Hz, 1H), 2.32−2.48 (m, 3H), 2.16 (dm, J = 18.3 Hz, 1H), 1.50−1.63 (m, 
2H), 1.24−1.40 (m, 6H), 1.17 (d, J = 7.5 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H). 13C{1H} NMR 
(CDCl3, 75.0 MHz) δ 212.7, 181.4, 128.2, 40.7, 40.4, 33.5, 31.6, 29.0, 27.0, 22.5, 16.5, 14.0. 
4-Hexyl-2-methylcyclopenta-1,4-dien-1-yl acetate (10): 
1
H NMR (CDCl3, 300.1 MHz): δ 0.88 
(t, J = 6.5 Hz, 3H), 1.21−1.36 (m, 6H), 1.41−1.53 (m, 2H), 1.82 (s, 3H), 2.21 (s, 3H), 2.29 (td, J = 
7.8, 1.5 Hz, 2H), 2.79 (s, 2H), 5.95 (m, 1H); 13C{
1
H} NMR (CDCl3, 75.0 MHz) δ 11.4, 14.1, 
20.8, 22.7, 29.2 (2C), 31.0, 31.8, 43.6, 121.5, 123.3, 145.6, 146.4, 169.1. 
Following the preceding procedure: 3-hexyl-5-methylcyclopent-2-enone (9) was obtained in 68% 
yield in 24 h, (75% conversion), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]3[SiW12O40
4-
] (4.2 mg, 1 mol%) (1). 
Following the preceding procedure: a mixture of 3-hexyl-5-methylcyclopent-2-enone (9) (78%) 
and 4-hexyl-2-methylcyclopenta-1,4-dien-1-yl acetate (10) (10%) was obtained in 24 h, (100% 
conversion, ratio 8:1), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2.7 mg, 1 mol%) (2). 
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Following the preceding procedure: 3-hexyl-5-methylcyclopent-2-enone (9) was obtained in 89% 
yield in 24 h, (100% conversion), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]5[P2W18O62
6-
] (5.9 mg, 1 mol%) (3). 
Following the preceding procedure: a mixture of 3-hexyl-5-methylcyclopent-2-enone (9) (81%) 
and 4-hexyl-2-methylcyclopenta-1,4-dien-1-yl acetate (10) (13%) was obtained in 24 h, (100% 
conversion, ratio 6:1), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]2[PW12O40
3-
] (3.5 mg, 1 mol%) (4). 
Following the preceding procedure: a mixture of 3-hexyl-5-methylcyclopent-2-enone (9) (23%) 
and 4-hexyl-2-methylcyclopenta-1,4-dien-1-yl acetate (10) (45%) was obtained in 24 h, (100% 
conversion, ratio 1:2), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(IPr)(MeCN)
+
]3[PMo12O40
3-
] (4.4 mg, 1 mol%) (5). 
Following the preceding procedure: 3-hexyl-5-methylcyclopent-2-enone (9) was obtained in 50% 
yield in 48 h (60% conversion), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(I
t
Bu)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (1.5 mg, 1 mol%) (6). 
Following the preceding procedure: a mixture of 3-hexyl-5-methylcyclopent-2-enone (9) (33%) 
and 4-hexyl-2-methylcyclopenta-1,4-dien-1-yl acetate (10) (33%) was obtained in 65% yield in 
24 h (81% conversion, ratio 1:1), from 2-methylundec-1-en-3-yn-5-yl acetate (8), and catalyst 
[Au(PPh3)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2.7 mg, 1 mol%) (7) 
Cycloisomerization of N-tosyl 1,6-enyne (Table 3)  
To a solution of N-allyl-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide (29.6 
mg, 91 mol) (11) and dimethyl terephthalate (7.9 mg, 40 mol) (internal standard) in toluene (1 
mL), the catalyst 1-7 (2.5 mol% or 1.0 mol%) was added and stirred at 70°C until complete 
disappearance of the starting material (5 h, 24 h or 48 h). The formation of 6-phenyl-3-tosyl-3-
azabicyclo[4.1.0]hept-4-ene (12) was monitored by NMR spectroscopy. An aliquot (200 L) of 
the reaction mixture was introduced into an NMR tube and the solvent was removed under 
vacuum. Then, CDCl3 (0.5 mL) was introduced into the tube and the mixture was analyzed by 
1
H 
NMR spectroscopy. 
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6-Phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12):
34
 
1
H NMR (CDCl3, 300.1 MHz) δ 7.68 
(m, 3H), 7.37 (m, 2H), 7.30-7.23 (m, 2H), 7.19-7.14 (m, 3H), 6.45 (dd, J = 8.2, 0.7 Hz, 1H), 5.52 
(dd, J = 8.3, 0.8 Hz, 1H), 3.97 (m, 1H), 3.15 (dd, J = 11.7, 2.7 Hz, 1H), 2.44 (s, 3H), 1.74 (m, 
2H), 1.36 (ddd, J = 9.1, 5.0, 0.5 Hz, 1H), 0.86 (dd, J = 5.8, 5.2 Hz, 1H). 
13
C{
1
H} NMR (CDCl3, 
75.0 MHz) δ 144.5, 144.1, 135.1, 130.2, 128.7, 127.4, 127.1, 126.5, 121.3, 115.1, 41.0, 29.0, 
22.0, 21.6, 21.2.  
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 59% yield in 5 h, (100% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(IPr)(MeCN)
+
][H
+
]3[SiW12O40
4-
] (8.0 mg, 2.5 
mol%) (1). Then, 12 was obtained in 77% yield in 24 h, (100% conversion) with 1 mol% of 
catalyst (3.2 mg). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 75% yield in 24 h, (100% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (3.9 mg, 2.5 
mol%) (2). Then, 12 was obtained in 89% yield in 24 h, (100% conversion) with 1 mol% of 
catalyst (1.6 mg). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 69% yield in 24 h, (100% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(IPr)(MeCN)
+
][H
+
]5[P2W18O62
6-
] (11.3 mg, 1 
mol%) (3). Then, 12 was obtained in 36% yield in 24 h, (40% conversion) with 1 mol% of 
catalyst (4.5 mg). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 77% yield in 24 h, (100% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(IPr)(MeCN)
+
][H
+
]2[PW12O40
3-
] (5.5 mg, 2.5 
mol%) (4). Then, 12 was obtained in 24% yield in 24 h, (32% conversion) with 1 mol% of 
catalyst (2.2 mg). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 88% yield in 5 h, (100% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(IPr)(MeCN)
+
]3[PMo12O40
3-
] (5.0 mg, 2.5 mol%) 
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(5). Then, 12 was obtained in 74% yield in 5 h, (100% conversion) with 1 mol% of catalyst (2.0 
mg). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 44% yield in 48 h, (51% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(I
t
Bu)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2.8 mg, 2.5 
mol%) (6). 
Following the preceding procedure: 6-phenyl-3-tosyl-3-azabicyclo[4.1.0]hept-4-ene (12) was 
obtained in 67% yield in 48 h, (71% conversion), from N-allyl-4-methyl-N-(3-phenylprop-2-yn-
1-yl)benzenesulfonamide (11), and catalyst [Au(PPh3)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (5.6 mg, 1 
mol%) (7).
13
 Then, 12 was obtained in 28% yield in 48 h, (30% conversion) with 1 mol% of 
catalyst (3.2 mg). 
Optimization for the diphenylacetylene hydration 
To a solution of diphenylacetylene (13) (1 equiv) and dimethyl terephthalate (as internal 
standard) in a solvent mixture [0.25 M], the polyoxometalate gold complex 
[Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2) (1 mol%) was added. The resulting mixture was stirred 
at 80 °C until the consumption of the starting material. The formation of 1,2-diphenylethan-1-one 
(14) was monitored by NMR spectroscopy. An aliquot (200 L) of this mixture was introduced 
into an NMR tube and the solvent was removed under vacuum. Then, CDCl3 (0.5 mL) was 
introduced into the tube and the mixture was analyzed by 
1
H NMR spectroscopy. 
1,2-Diphenylethan-1-one (14):
35
 
1
H NMR (CDCl3, 300.1 MHz): δ 8.04−8.01 (m, 2H), 7.67 (tt, J 
= 8.4 Hz, J = 1.4 Hz, 1H), 7.50-7.44 (m, 2H), 7.37-7.27 (m, 5H), 4.30 (s, 2H). 
13
C{
1
H} NMR 
(CDCl3, 75.0 MHz): δ 197.5, 136.4, 134.4, 133.1, 129.4, 129.4, 128.6, 128.6, 128.5, 128.5, 128.4, 
128.4, 126.8, 45.3.  
Following the preceding procedure: in a 4:1 dioxane/H2O mixture, 1,2-diphenylethan-1-one (14) 
was obtained in 70 % yield in 4 h, from diphenylacetylene (13) (4.2 mg, 240 mol) and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2) (5.9 mg, 1 mol%). 
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Following the preceding procedure: in a 4:1 THF/H2O mixture, 1,2-diphenylethan-1-one (14) was 
obtained in 96 % yield in 18 h, from diphenylacetylene (13) (4.6 mg, 260 mol) and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2) (6.4 mg, 1 mol%). 
Following the preceding procedure: in a 10:1 MeCN/H2O mixture, 1,2-diphenylethan-1-one (14) 
was obtained in 10 % yield in 18 h, from diphenylacetylene (13) (4.1 mg, 230 mol) and catalyst 
[Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] (2) (5.8 mg, 1 mol%). 
Catalyst Recycling (Table 4) 
To a solution of diphenylacetylene (175.2 mg, 0.983 mmol) in a solvent mixture of 
THF/H2O 4:1 [0.25 M] (4 mL) into a sealed tube, complex [Au(IPr)(MeCN)
+
][H
+
]2[PMo12O40
3-
] 
(2) (24.1 mg, 0.983 mol) was added. The resulting mixture was stirred at 80 °C until the 
disapearance of the starting material. The solvent was removed under reduced pressure. Then, a 
mixture of Pentane/Et2O 1:1 (2 mL) was added and after decantation, the supernatant was taken 
out. This operation was repeated three times. To the combined organic layers, dimethyl 
terephthalate (3.7 mg, 19 mol) as internal standard was added. An aliquot (200 L) of this 
mixture was introduced into an NMR tube and the solvent was removed under vacuum. CDCl3 
(0.5 mL) was introduced into the tube and the mixture was analyzed in 
1
H NMR. The decanted 
catalyst was dried under reduced pressure and directly engaged for the next cycle. 
1
st
 cycle: After 16 h, 1,2-diphenylethan-1-one (14) was obtained in 98 % yield. (Starting mass of 
catalyst = 24.1 mg)  
2
nd
 cycle: After 16 h, 1,2-diphenylethan-1-one (14) was obtained in 95 % yield. (Recovered mass 
of catalyst m = 23.0 mg)  
3
rd
 cycle: After 16 h, 1,2-diphenylethan-1-one (14) was obtained in 96 % yield. (Recovered mass 
of catalyst m = 19.2 mg)  
4
th
 cycle: After 22 h, 1,2-diphenylethan-1-one (14) was obtained in 90 % yield. (Recovered mass 
of catalyst m = 16.7 mg)  
5
th
 cycle: After 48 h, 1,2-diphenylethan-1-one (14) was obtained in 85 % yield. (Recovered mass 
of catalyst m = 16.2 mg)  
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Fatih Sirindil, Steven P. Nolan, Samuel Dagorne, Patrick Pale, Aurélien Blanc,  
and Pierre de Frémont 
 
 
A series of new hybrid NHC gold(I) acetonitrile polyoxometalate complexes were readily 
synthesized in high yield and characterized by NMR and MS-ESI spectroscopy. In a preliminary 
catalytic study, their activity was assessed under heterogeneous conditions for the ene-yne 
rearrangement reaction and a cycloisomerization reaction. Additionally, their reactivity and 
recyclability were tested in the hydration of alkynes under homogeneous conditions. 
 
 
 
 
 
